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ABSTRACT  

This research involves the parametric study of 2D braced and un-braced reinforced concrete 
moment resisting frames to study the effect of position, number of bracing and number of bays 
through inspecting the value of  response modification factor which calculating by operating nonlinear 
static pushover analysis. The results of nonlinear static pushover analysis are presented in one 
parameter changing based on number of stories in models. 

The best position of X-bracing to achieve the best behavior during earthquake is setting as 
intermediate X-bracing. Finally increasing in number of X-bracing lead to increase the value of R 
factor and therefore it leads to improve the behavior of the structure during earthquake. 

 
Keywords: Structure, Highrise building, bracing, Earthquake, Lateral loads. 

 
Introduction 

Equilibrium is the goal of any structural design, and this is accomplished when having a design 
done according to the internal forces which were generated inside structural elements due to static 
loads divided into live, dead, and dynamic loads. Dynamic load is divided into wind and earthquake 
loads. These dynamic loads cause different shapes of deformation which are known as mode shapes. 
Hence, the design of structural element and its cost are mainly controlled by these deformations. In 
accordance with the previous studies it was found that the ability of structure to dissipate energy 
increases with the possibility of structure to create plastic deformation. As a result, building design 
codes developed a factor; its primary role is to allow structure to create these deformations with 
percentage not conflicting with the efficiency and stability of the structure. 

This factor has been mentioned in the design codes with different names for example,  response 
modification factor in the Egyptian code ECP-201 (2012), behavior factor in Euro code EC8 (2003), 
and response modification coefficient in ASCE (2101). 

From previous researches and design codes we found that the response modification factor was 
obtained from the ratio between elastic base shear and design base shear. Mainly this relationship is 
keen to reduce the incidence of non-elastic behavior of the building during the earthquake through the 
creation of plastic deformation. Also we found that the value of response modification factor differs 
from a code to another because this value depends on several factors; such as the material used in 
construction (i.e. steel, reinforced concrete, etc.), statically system, type of soil, ground motion, and 
ductility level. 

 
 Objectives and scope of the research 

The main aim of this research is to study the effect of concrete X-bracing and number of bays on 
the response modification factor and its components for various regular RC braced frames systems 
according to the Egyptian code (2012) with non-linear static pushover analysis using SAP2000 
(2010). The objectives of this thesis are:  
1. Showing and studying limits of plasticity through the formation of plastic hinges in all frame's 

elements.  
2. Determining the values of response modification factor and it's components for RC braced and un-

braced frames designed according to ECP-203 (2007).  
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3. Studying the structures' ductility and over-strength due to non-linear analysis. 
4. Illustrating the difference between the values which stated in ECP-201 (2012) and values of R-

factor which investigated in this study.  
5. Studying the variance in R-factor due to change in number of storey, number of bays and position 

of X-bracing. 
6. Determine the best position of X-bracing used in structural to achieve the best behavior of 

structural during earthquake.  
 
Response modification factor definition    

Focus on researches that handled “Response Modification Factor” depending on the analytical 
experimental and theoretical researches. Moreover, it proposes the outcome of the implemented 
literature review in order to find out the present knowledge of the impact of several elements on 
calculating the response modification Factor. Furthermore; Explains the process of pushover analysis 
results which given by calculating Base Shear vs. Displacements forming the pushover curve in order 
to estimate both linear and nonlinear structural behavior. 

 
Definition 

Response modification factor - (Also Known as Seismic reduction factor) is a critical design tool 
that is used to weaken the design forces in earthquake resistant design and depends mainly on the 
building ductility which makes the building capable for maximum earthquake displacement through 
seismic energy dissipation via plastic deformations to ensure having an earthquake resistant structure. 
Furthermore; the response modification factor can be considered as the percentage of the required 
strength for keeping the building elastic vs. the building’s inelastic strength which explains that the 
response modification factor accounts for damping, energy dissipation capacity and for over-strength 
the structural system in case of displacements strong enough to guarantee the existence of economic 
design with maximum displacement. 

 
Components 

Response modification factor is mainly affected by three factors which are: Over-Strength, 
Ductility, and Redundancy. According to Whittaker et al. (1987) experimental study that was 
conducted in the United States – (California University, Berkeley city) - to observe the seismic 
behavior of steel braced frames structure buildings through their seismic response. The Pushover 
curve indicates the base-shear versus roof displacement relation for every single model, and this curve 
is plotted given the data of the relationship between base shear and roof displacement originated from 
maximum value of earthquake’s base shear and every model. The following equation shows utilizing 
The Elastic acceleration Response Spectrum (Sa, 5) Generated by the earthquake platform's 
acceleration-response history, as well as using "R" data that involves the previously mentioned three 
factors which accounted for Ductility, Reserve strength and viscous damping as follows: 

R = R�. R�. R�    (3.1) 

Where  

Rμ: Ductility reduction factor.  
Rs: Over strength factor.  
Rξ: Damping factor. 
 The three factors Rμ, Rs and Rξtake consider various aspects of the structural energy 

absorption and dissipation as a result of plastic deformations, internal forces’ redistribution in the 
inelastic range, as well as structural damping through the auxiliary viscous damping devices.  

Numerous researches have been conducted to address having an advanced code in order to acquire 
the “R” factor, and one of the most efficient was the update that made by ATC 40 (1996) splitted R 
into three factors: ductility, strength, and redundancy instead as follows:  

R = R�. R�. R�    (3.2) 

Where:  

Rμ: The ductility reduction factor.  
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Rs: The over strength factor.  
RR: The redundancy or allowable-stress factor. 
 Additionally; another R factor code as stated in [6~0] was presumed by various researchers 

which mentioned that the over-strength factor includes the effect of redundancy of the structure and 
also they divided “R” into both ductility reduction factor (Rμ) and over-strength factor (Ω) where Rμ is 
multiplied by Ω to obtain “R” 

R = R�. Ω    (3.3) 

Where:  

Rμ: The ductility reduction factor.  
Ω: The over-strength factor.  
In this study the response modification factor calculation relies on basic concept of equation (3.3), 

and both ductility and over-strength depend on the structural system features explained as shown in 
figure (3.1). 

 
Fig. 1: Relationship showing components of response modification factor. 

Over strength factor (Rs) 
 According to the new technology in the structural field design which led to emerging of 
simplifications and assumptions during design process which made the design more conservative. 
Accordingly the actual strength may be greater than the design strength of the structure. Therefore, the over 
strength factor works on scaling down collapse probability of structural during earthquake motion as the 
ratio between the yield force Vy to the design force Vd. 

R� =
V�

V�
                                                           (3.4) 

The existence of over strength in structures may be studied in two methods local and global over 
strength. 

Local Over strength 
 This term over strength derives from design procedure which based on using stiffer members 
which exceed the design demands. Main sources of local over strength are shortened below: 
 Strength level of actual material is greater than that reported in design code. 
 Limitation of members' deflection according to design code. 
 Limitation of inter-storey drift according to design code. 
 The lack of access of full capacity of members. 
 Live load reported in design code greater than actual live load on floor. 
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 Ruling design load combinations and load cases. 
 Concrete dimension and detailing according to design code. 

 
Global over strength 

This term derives from forming plastic hinges "by yielding and redistribution of internal forces 
of members in the inelastic range" permits energy dissipation to resist forces that are significantly 
greater than the design forces which reflect the attitude of structure under lateral load. Main sources of 
global over strength are shortened below: 
 Elements neglected in the design's procedure due to lateral load (compression element) such as 

slab systems and compression braces. 
 Non-structural elements such as partition walls, stairways, cladding, etc. 
 

There are many researchers who have highlighted the sources of the over strength. Moreover, 
other sources are difficult to count because of the complication of the structural behavior. 

Kim and Choi (2005) studied 21 special concentric braced frames (SCBFs) and 9 ordinary 
concentric braced frames (OCBFs) with bay lengths 6, 8, and 10 m and 3, 5, 7, 9, 12, 15, 18, and 21-
storey height to evaluate the response modification, the over strength, and the ductility factor by using 
nonlinear static pushover analysis, also these frames were based on requirement design of AISC 
(1993, 2002) and. This study concluded that the variation of over strength values is related to number 
of storey and span length where the over strength factors increased as the structure’s span length 
increased and the height decreased. So The suggested values of Rs were gained based on each 
structural system as to 1.9 for a 6m span, 4.1 to 2.4 for an 8m span, and 4.7 to 2.5 for a 10 m span for 
concentric braced frames and factors were approximately 1.5 for all configurations. 

Lee et al. (2005) conducted a study on 18 RC buildings using non-linear static 3D Pushover 
analysis and 2D dynamic analysis to analyze those structures after dividing them into groups of 5, 10 
and 15 storey buildings designed in low, moderate and high seismicity zones according to Uniform 
Building Code (UBC) (1991, 1997), and conditions, with systems as ordinary moment resisting 
frames, intermediate moment resisting frames and special moment resisting frames. They concluded 
that the over strength factors obtained in low seismicity zones are greater than those of high seismicity 
zones for structures designed with the same response modification factor. And the presented values 
were obtained for each group system as follows:  
 
 For OMRFs Rs decreases from 3.87 to 3.17 of 5 stores to 10 stores. 
 For IMRFs Rs decreases from 6.19 to 4.51 of 5 stores to 15 stores. 
 For SMRFs Rs decreases from 9.64 to 5.3 of 5 stores to 15 stores. 

 
Response modification factor (R) in seismic building codes 
 Many design Building codes stated the value of response modification factor (R-factor) 
fundamentally based on, statically system of structure, structural material, type of structural. 
Uniform Building Code (UBC), (1991) Classified buildings in 7 categories based on basic of 
structural system: a) shear wall-frame interaction systems, b) Undefined systems, c) Bearing wall 
system, d) Cantilevered column building systems, e) Building frame system, f) Dual system, g) 
Moment-resisting frame system. 

Euro code 8 (2003) Classified buildings in 5 categories based on basic of structural material: a) 
Timber structures, b) Steel structures, c) Concrete structures, d) Composite steel-concrete structures, 
and e) Masonry structures. Based on the ductility level and the statically system those categories are 
specified into 7 subcategories: i) Moment resisting frames, ii) Frame with concentric bracings 
(Diagonal bracings, V-bracings), iii) Frame with eccentric bracings, iv) Inverted pendulum, v) 
Structures with concrete cores or concrete walls, vi) Moment resisting frame with concentric bracing, 
and vi) Moment resisting frames with infills, Unconnected concrete or masonry in fills, in contact 
with the frame - Connected reinforced concrete in fills – In fills isolated from moment frames. 
Moreover, EC8 [0] stated a formulation to obtain behavior factor (q) (R factor): 
 

q =  q�. K�  ≥ 1.50                             (3.5) 
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Where: 

��: is the basic value of the behavior factor, dependent on the type of the structural system and on its 
regularity in elevation. 

K� : is the factor reflecting the prevailing failure mode in structural systems with walls. 
 

NEHRP (2003) Classified buildings in 7 categories based on basic of structural's seismic load 
and resisting system: c) Moment resisting frame systems, a) Bearing wall systems, e) Dual systems 
with intermediate moment frames, b) Building frame systems, d) Dual systems with special moment 
frames, f) Inverted pendulum systems cantilevered column systems, and g) Steel systems not 
specifically detailed for seismic resistance (only concentric braced frame systems).As reported in 
ASCE (2010) Each category is specified into sub-categories based on detailing level, material type, 
and precast element. 

NBCC (1994) Classified buildings in 4 categories based on basic of structural's material: a) 
Concrete structures, b) Steel structures, c) Masonry structures, d) Timber structures. Those categories 
specified into 7 subcategories based on statically system and ductility level: i) Moderately ductile 
moment resisting frames, ii) Ductile partially coupled walls, iii) Moderately ductile shear walls, iv) 
Ductile coupled walls, v) Ductile shear walls, moment resisting frames, vi) Conventional construction 
Moment-resisting frames, Shear walls. 

ASCE and IBC, (2010)0 Classified buildings in 8 categories based on statically system: , a) 
Building frame systems, b) Dual systems with special moment frames capable of resisting at least 
25% of prescribed seismic forces, c) Shear wall-frame interactive system with ordinary reinforced 
concrete moment frames and ordinary reinforced concrete shear walls, d) Steel systems not 
specifically detailed for seismic resistance, excluding cantilever column systems, e) Bearing wall 
systems, f) Moment-resisting frame systems, g) Dual systems with intermediate moment frames 
capable of resisting at least 25% of prescribed seismic forces, h) Cantilevered column systems. Each 
category is specified in to from 10 to 25 subcategories based on structural material, precast elements, 
pre-stressed elements, and detailing level. 

ECP-201 (2012) classified buildings in 5 categories based on statically system: b) Ordinary 
frames, d) Dual systems, a) Bearing walls, c) Moment resisting frame system, and e) other structures. 
Response modification factor have the same purpose all seismic design codes, but its value differs 
widely from building code to another and couldn’t be compared because each code depends on many 
other factors affecting the values of earthquake load and mainly deferred on the design strategy of 
each code as shown in table 1. 

 

Table 1: R-factor values in different seismic design codes for RC Braced systems. 

Response modification factor 
UBC 

(1991) 
EC8 

(2003) 
NEHRP 
(2003) 

NBCC 
(1994) 

ASCE 
(2010) 

ECP-201 
(2012) 

RC Braced Systems with SMRF 6.5 4.8 6 NL 6 6 
RC Braced Systems with IMRF 4.2 4 5.5 NL 5.5 5 

 
Non-Linear Static Analysis (Pushover Analysis)  
 
Definition 

Pushover is a simplified non-linear procedure that has been improved over the years and replaced 
NLDA to become now a simple procedure that helps in designing and performance evaluation tasks. 
This simple procedure has many approximations and simplifications which accordingly result in a 
variation amount in seismic demand evaluation, which of course has advantages and disadvantages. 
The advantages of this analysis are like: the simplicity of the procedure, it enables to point the 
structure’s weak zones, and also it replaced the old time-consuming and demanding methods in order 
to predict the seismic behavior of the structure. While the disadvantages of pushover analysis can be 
that the lateral loads approximations and assumptions could be unreasonable in some cases especially 
for high rise and irregular buildings as the impact of higher modes is clearer.  

Pushover analysis can be defined as a designing tool for evaluating performance of global limit 
states of the RC structures using the MDOF systems’ force-displacement relationship, and it’s 
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considered a critical analysis for calculating the maximum deformation and strength, as well as 
examining the weak parts and the soft stores of the structures. Basically, the analysis depends on 
either 2d or 3D mathematical structure models given that gravity loads are used first. And after that, 
an increasing monotonic lateral load pattern that is determined in advance (With regard to horizontal 
forces and inertia forces) that is spread all over the structure’s height. There is a gradual increase in 
the acting lateral forces till the elements enter the yield stage (plastic hinge formulation). The 
mathematical model faced changes in stiffness and also the lateral forces are raised till extra elements 
yield. The analysis is considered to be completely done when the target displacement reaches the 
ultimate displacement which reflected the failure mechanism formulation that caused the instability of 
the structure.  
 
Plastic hinge simplification 

Plastic hinges may be placed at any number of points over the Frame element to study the 
behavior of beams and columns beyond the elastic limit. Each hinge presents post-yield behavior with 
any number of degrees of freedom. Uncoupled moment, torsion, axial force and shear hinges are 
available. There is also a combined P-M2-M3 hinge which yields depended on the interaction of axial 
force and bi-axial bending moments at the hinge location. Subsets of this hinge include P-M2, P-M3, 
and M2-M3 behavior. Moreover, plastic hinges can be modeled as one degree of freedom which can 
be used as axial force (P) or directional bending moment (M2, M3), also it's can be modeled as two 
degree of freedom which can be used as axial force and directional bending moment (P-M2, P-M3) 
combination. And this study based on assigning beams with M3 hinges, and assigning columns with 
P-M3 hinges. In this study, plastic hinges are assigned by using SAP 2000 (2010) at the two ends of 
each element because it’s the most points likely be yield during lateral load case. Hinges only affect 
the behavior of the structure in nonlinear static and nonlinear direct integration time history analyses. 
Hinge properties can be computed automatically from the element material and section properties 
according to FEMA (2002) criteria.. 
 
Pushover curve idealization methods 

 Pushover analysis produce base shear force-displacement relationships which called pushover 
curves, those curves should be idealized by transforming them into bilinear force-deformation 
relationships, there are different methods concluded in this process. Following four methods are the 
most important used in idealization process: 

 
Paulay and Priestley method (1992) 

 This method depended on the secant stiffness as the structure’s elastic stiffness to idealize the 
pushover curve using force-displacement curve calculations at the force corresponding to a 75% of 
the yield base shear as shown in Fig. 2. 

 

 
Displacement(∆) 

Fig. 2: Bilinear pushover curve idealization using Paulay and Priestley (1992) 
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Methodology 
 
General 

This study involves sixty reinforced concrete braced and un-braced frames which show the 
comprehensive design, modeling and estimation procedure to obtain response modification factor 
based on Egyptian code provisions. SAP 2000 (2010) is used in this study to perform analysis 
procedure. SAP 2000 utilized both linear static analysis and nonlinear static analysis to perform 
pushover curve which is idealized to obtain response modification factor of each system. 

 
Criteria of structural models 

This study classified the models into three main systems, their statically system as symmetric and 
regular 2D reinforced concrete braced and un-braced moment resisting frames of residential building 
with different heights, A brief description of their characteristics is presented in three bays which 
divided into three subgroups: (1a) intermediate X-bracing models, (1b) terminal X-bracing models, 
(1c) un-braced frame models as shown in fig.3, 

  
Geometry 

The presented models have the same dimensions of bays' length and storey height as 6m and 3m 
respectively. Each studied group of the frames have a change in number of storey as 3, 5, 7, 9, 11, and 
13-storey. Also columns were designed to be squared cross sections with ratio of reinforcement that's 
almost constant as 1%, even all reinforced concrete X-bracings designed to be squared cross sections 
with the minimum reinforcement based on Egyptian code provisions. This study considered all 
systems constructed on gravel soil as fixed supports. 

 
Design codes 

Egyptian code provisions were used in this study to design all frames' elements, also gravity and 
lateral loads were obtained based on same provisions. 
 
Materials 

Analysis and design procedure in this study are based on using two types of materials concrete and 
reinforced steel bars. The characteristics of concrete material were 2500 t/m² as a 28-day compressive 

strength fcu, 140000√fcu  t/m² as modulus of elasticity Ec, 2.5 t/m³ as a unit weight and 0.2 as a 
Poisson ratio. The characteristics of the reinforced steel bars were 10*Ec t/m² as modulus of elasticity 
Es and 0.3 as a Poisson ratio. Two types of steel bars were used according to ultimate and yield 
strength of bars, while high grade steel bars were used for longitudinal reinforcement which have 
36000 t/m² as a yield strength and 52000 t/m² as an ultimate strength, even mild steel bars were used 
for transversal reinforcement which have 24000 t/m² as a yield strength and 36000 t/m² as an ultimate 
strength. 

 
Loads 

As mentioned previously, all frames were subjected to gravity and lateral loads during analysis and 
design procedures. The loads' values taken were as stated in the Egyptian code taking into 
consideration that all the studied systems were residential buildings. 
Gravity Loads 

Gravity loads were assigned on all building as distributed area loads which are classified into; a) 
dead loads that covered the structure's own weight, wall loads taking into account plaster, and flooring 
cover. b) Live loads which were obtained from design code according to structures' purpose.  

 
Lateral Loads 

Lateral loads classified into two patterns wind and seismic loads, this study consider the effect of 
seismic loads only on all framing systems. Seismic loads' values taken were as stated in the Egyptian 
code according to several parameters. 
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(a) 

 
(b) 

 
(c) 

 
Fig. 3: Plan and Elevations of 3 bays all models. 
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Seismic loads 
Seismic loads were obtained for all presented RC braced and un-braced frames by using equivalent 

static analysis method, which were based on the Egyptian code for load provisions. The ultimate static 
base shear force in the main direction is evaluated as following: 

F� = S�(T�)λ .
W

g
                                              (4.1)  

 

 
Fig. 4: Design response spectrum type (1) in ECP-201 for all Egyptian areas. 

 
Reinforcement and dimensions limitation 
 All columns were designed to be squared cross sections with ratio of reinforcement that's 
almost constant as 1% as vertical reinforcement which within limits that stated in design code as 0.8% 
for minimum reinforcement ratio and 4.0% for maximum reinforcement ratio and 0.25% for minimum 
reinforcement ratio as horizontal reinforcement. Also all reinforced concrete X-bracings designed to 
be squared cross sections with the minimum reinforcement. In additionally, all structural elements 
were designed with 0.025 m concrete cover. 
 
Modeling process 
 
Software Modeling (SAP 2000 Program) 
 

SAP2000 v14.2 (2010) is a finite element modeling program that is used to show the real structure 
through object-based concept to be close to the natural model in a graphical interface way which 
provides both 2D and 3D kinds of structure. It’s used for dynamic and static analysis of structures, 
and in the process of nonlinear static analysis too. During the analysis, SAP2000 transfers the object 
based model into an element-based model (Also Known as Analysis model). The post-analysis results 
are shown on the model. SAP2000 also offers all the tools for the nonlinear static pushover analysis is 
made through subjecting specific force or target displacement by incrementing time and monitors the 
user defined parameters for the duration of the analysis. 
 
Material Modeling 

The procedure of nonlinear static analysis includes studying materials nonlinearity through 
adjusting the current constitutive materials or defining new ones to meet the design code experimental 
provisions. These materials are like: concrete and high grade steel bars. The study involves material 
type, directional symmetry type (isotropic or uniaxial), unit weight, modulus of elasticity, Poisson’s 
ration, and most importantly; the nonlinear stress-strain curve. 
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Calculation of response modification factor 
 The technique of obtaining R factor is carried out through the calculation of the ductility reduction 

factor Rμ and the over strength factor Rs, then multiply both of them with each other as stated before 
in Eq. 3.3 to calculate R factor. 
Results of the Analysis 
 
General 

This study involves the parametric study of 2D reinforced concrete moment resisting frames with 
intermediate bracing and terminal bracing compared with un-braced frames to study the effect of 
place and number of bracing as stated in previous methodology and evaluate response modification 
factor by using pushover analysis results executed by forming the plastic hinges and drawing 
pushover curve for all suggested systems. The results of non-linear static pushover analysis are 
presented in one parameter changing based on number of storey for models with equal number of 
bays and one parameter changing based on number of bays for 13 storey models to study the effect of 
number of bays, knowing that the gross moment of inertia was taken into account for all models.  

  
Models with three bays 

This group consist of 3 groups (a, b and c) of systems are presented as 2D frames of residential 
building each one consist of six mathematical models with 3 bays each bay is 6m with changing in 
number of storey as 3, 5, 7, 9, 11, and 13-storey each storey is 3m height. Group 1a have One group 
of intermediate X-bracing, group 1b have Two groups of terminal X-bracing at frame edge and group 
1c is un-braced models as shown in fig.3.1a, fig.3.1b and fig.3.1c.  

 
Three storey model 
 
Plastic hinge mechanism 

The mechanism of failure that captured in three subgroup six plains that there is no any soft storey 
mechanism occurred over ground storey. 

For intermediate X-bracing model as shown in fig. 5.1a; mainly plastic hinges appeared in 
columns and X-bracing which reached high level of damage at plastic hinge region, additionally 
plastic hinges didn't appeared in beams expect one position in exterior beam at first storey level. 
Plastic hinges appeared in intermediate column which beside X-bracing which reached high level of 
plasticity due to movement and weight of bracing, Plastic hinges appeared in columns which reached 
high level of plasticity at ground and first storey level. 

For terminal X-bracing model as shown in fig. 5.1b; mainly plastic hinges appeared in columns 
and X-bracing which reached high level of damage, additionally plastic hinges didn't appeared in 
beams expect two positions in exterior beams at first story level, also at some places at higher storey, 
plastic hinges appeared in exterior and interior columns which beside X-bracing which reached high 
level of damage at ground and first storey level and initial stages of damage at first, second and third 
storey level. 

For un-braced model as shown in fig. 5.1c; mainly plastic hinges appeared in columns reached 
high level of damage, few plastic hinges appeared in exterior beams at first storey level which reached 
high level of damage. 
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Fig. 5.1a: Intermediate X-bracing. 

 

Fig. 5.1b: Terminal X-bracing. 

 

Fig. 5.1c: Un-braced moment resisting frame. 

Fig. 5.1: Plastic hinges formation at failure for the 3-storeys frames. 

Pushover curve and calculation of R factor 

Base Shear (tons) 

 

Δy=0.019653 

μ=5.035339 

Rμ=2.753685 

Rs=13.47363 

R=37.10212 

 

 

Roof Displacement (m) 

Fig. 6.1: Pushover curve for the 3-storeys frame with intermediate X-bracing. 
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Fig. 6.2: Pushover curve for the 3-storeys frame with terminal X-bracing. 

 

Base Shear (tons) 

 

 

Δy=0.036161 

μ=10.58404 

Rμ=8.701474 

Rs=4.177356 

R=36.34916 

 

Roof Displacement (m) 

 

 

 

Fig. 6.3: Pushover curve for the 3-storeys un-braced frame. 

Fig. 6: The results of pushover analysis for the 3-storeys frames. 

Ductility reduction factor (Rμ) 
 As shown in Table 2 the values of ductility reduction factor (Rμ) are collected for a comparison 

between them and to be plotted the relation between the values of Rμ and changing in number of 
floors as shown in Figure 7. This comparison shows that the ductility reduction factor decrease with 
increasing in number of floors expect 7 storey with intermediate bracing increased then back to 
decrease again. 

 
Over strength factor (Rs) 
           As shown in Table 3 the values of over strength factor (Rs) are collected for a comparison 
between them and to be plotted the relation between the values of  Rs and changing in number of 
floors as shown in Figure 8. This comparison shows that the over strength factor decrease with 
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increasing in number of floors expect 7 storey with terminal bracing increased then back to decrease 
again. 
Table 2: Ductility reduction factors against number of floors for intermediate bracing, terminal 

bracing and un-braced models. 
No. of floors Rμ, Intermediate Bracing Rμ, Terminal Bracing Rμ, Unbraced 

3 2.753685 2.289157 8.701474 
5 2.785504 2.438255 4.798578 
7 3.017103 2.051659 5.288497 
9 2.62854 1.407493 5.380071 
11 1.855668 1.388865 4.939528 
13 2.327175 1.250077 4.351549 

 
Ductility Reduction Factor 

 

Number of Floors 

Fig. 7: Ductility reduction factors against number of floors for intermediate bracing, terminal bracing 
and un-braced models. 

Table 3: Over strength factors against number of floors for intermediate bracing, terminal bracing and 
un-braced models. 

No. of floors Rs, Intermediate Bracing Rs, Terminal Bracing Rs, Unbraced 
3 13.47363 23.95129 4.177356 
5 9.648763 13.91378 2.205185 
7 8.726205 13.81842 1.843125 
9 7.767829 11.15246 1.698447 
11 6.557551 7.917447 1.489379 
13 5.582086 6.133134 1.291791 

 
Over strength Factor 

 

Number of Floors 

Fig. 8: Over strength factors against number of floors for intermediate bracing, terminal bracing and 
un-braced models. 
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Response modification factor (R) 

As shown in Table 4 the values of response modification factor (R) are collectedfor a 
comparison between them and to be plotted the relation between the values of R and changing in 
number of floors as shown in Figure 9. This comparison shows that the response modification factor 
decrease with increasing in number of floors expect 13 storey with intermediate bracing increased. 

Table 4: Response modification factor against number of floors for intermediate bracing, terminal 
bracing and un-braced models. 

No. of floors R, Intermediate Bracing R, Terminal Bracing R, Unbraced 
3 37.10212 54.82827 36.34916 
5 26.87667 33.92535 10.58175 
7 26.32786 28.35069 9.747359 
9 20.41805 15.69701 9.137765 
11 12.16864 10.99627 7.356828 
13 12.99161 7.666888 5.621292 

 
Response modification factor 

 
Number of Floors 

Fig. 9: Response modification factor against number of floors for intermediate bracing, terminal 
bracing and un-braced models. 

Summary and Conclusion 

General 
The current study involves the parametric study of 2D reinforced concrete moment resisting 

frames to investigate the effect of having concrete X-bracing on response modification factor and it's 
components for RC frames which designed based on ECP-201,(2012) and ECP-203,(2007). This 
study carried on for three groups of systems with different configurations. The aim of this study 
gained after studying sixteen regular RC models. RC models were modeled and analyzed by SAP 
2000 software by using non-linear static pushover analysis. The results of non-linear static pushover 
analysis are presented in parametric changing based on number of storey and the position of X-
bracing and their effect on response modification factor, ductility factor, over strength factor, plastic 
hinge mechanism and pushover curve. Knowing that the gross moment of inertia was taken into 
account for all models, also it's considered nonlinearity of material. 

 
Summary due to number of storey 
 
Models with three bays 
 
Ductility reduction factor 
1. For intermediate X-bracing models; ductility reduction factor is varied with the number of stories 

for the 3, 5, and 7 storey models where those values is increased by 9.5%. Then, the factor 
decreased by 21.3% for 9, 11 and 13 storey models.  

2. For terminal X-bracing models; ductility reduction factor is varied with the number of s stories for 
the 3, 5, 7, 9, 11 and 13 storey models where those values is decreased by 45%.  
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3. For un-braced models; ductility reduction factor is varied with the number of stories for the 3, 5, 
and 7 storey models where those values is decreased by 39%. Then, the factor stabilized for 9 
storey model, then decreased by 19% for the 11 and 13 storey models. 
 

Over strength factor 

1. For intermediate X-bracing models; over strength factor is strongly varied with the number of 
stories s for the 3, 5, 7, 9, 11 and 13 storey models where those values is decreased by 57%. 

2. For terminal X-bracing models; over strength factor is strongly varied with the number of stories 
for the 3, 5, 7, 9, 11 and 13 storey models where those values is decreased by 74%. 

3. For un-braced models; over strength factor is also varied with the number of stories for the 3, 5, 7, 
9, 11 and 13 storey models where those values is decreased by 69%. 
 

Response modification factor 

1. For intermediate X-bracing models; response modification factor is decreased by 20% for the 3, 5 
and 7 storey models. Then, it is still decreased by 36% for the 9, 11 and 13 storey models. 

2. For terminal X-bracing models; response modification factor is decreased by 48% for the 3, 5 and 
7 storey models. Then, it is still decreased by 51% for the 9, 11 and 13 storey models. 

3. For un-braced models; response modification factor is decreased by 73% for the 3, 5 and 7 storey 
models. Then, it is still decreased by 38% for the 9, 11 and 13 storey models. 

 
Summary of results  

Response modification factor 

1. For single intermediate X-bracing as shown in models with three bays; response modification 
factor is decreased by 37% knowing that decreasing in R factor which reflect on the value of over 
strength factor which decreased by 30%. 

2. For double terminal X-bracing as shown in models with three bays; response modification factor is 
decreased by 35% knowing that decreasing in R factor is due to decrease in rigidity which reflect 
on the value of over strength factor which decreased by 36%. 

3. For un-braced models as shown in three response modification factor is increased by 17% 
knowing that increasing in R factor which reflect on the value of ductility reduction factor which 
increased by 18%. 

 
Summary of nonlinear static analysis for models with thirteen stories 
 
Three bays models 

Table 5: Response modification factor for thirteen storeys with three bays models. 
Type of system Response modification factor 

Intermediate X-bracing 12.99161 
Terminal X-bracing 7.666888 

Un-braced 5.621292 

 

As shown in Table 5 the maximum value of response modification factor was founded at model 
with intermediate X-bracing which reflect the best behavior of system during earthquake. Knowing 
that this value of R factor will get the lowest value of elastic design base shear according to design 
code ECP-201(2012). 

Conclusion 

Depending on the present dissertation, conclusions points are concluded as follows: 

1. The values of ductility reduction factor computed from nonlinear static pushover analysis are inversely 
proportional to the natural period time of the studied models. 
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2. The values of over strength factor computed from nonlinear static pushover analysis are direct 
proportional to number of X-bracing which used with moment resisting frames with same number of 
stories, and inversely proportional to the number of stories additionally these values are overstated for 
short models because of the main controller of the design procedure are the gravity loads. 

3. The values of response modification factor computed from nonlinear static pushover analysis is 
strongly affected by the changing of geometric configuration; as changing in number of stories, number 
of bays and position of bracing. 

4. The values of response modification factor reported in design codes often didn't reflect the true 
values and it is a very conservative values. 

5. The value of response modification factor for any structure is a unique value. Therefore, 
this value should calculate for each structural separately by using any method such as 
pushover analysis. 

6. The behavior of structures with intermediate X-bracing in more than 8-floors are better 
than structures with terminal X-bracing and un-braced structures, which led to the best 
behavior of the structure during earthquake.  
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